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' ( I  IC PROKOF'PEV 

j 
I n  o rde r  t o  conduct extra-atmospheric r e sea rch  i n  t h e  s o l a r  

- 
f a r  u l t r a v i o l e t ,  we conceived a two-channel d i  - 'r 'raction spectrometer.  

The fol lowing cons ide ra t ions  and recuirements were taken i n t o  account 

_ _  

during the planning s t a g e  of i t s  construct ion.  

1. The absence of any m a t e r i a l s  t h a t  a r e  tramsparent f o r  most 

of t h e  f a r  u l t r a v i o l e t  renders  impossible t h e  u s e  of f i l t e r s ,  and 

compels one t o  u t i l i z e  f o r  t h e  s p e c t r a l  decomposition a c o n c a e e r a t i n g .  

For t h e  same reason, open-type secondary-electron VEU-multipliers must 

be  used as ghotoreceivers .  

2. It i s  necessary t o  condut t h e  measurements by way of coma- 

r i s o n  with some s tandard ( i n  t h e  enerpet ic  s e n s e )  r a d i a t i o n .  It has been 

found most a p n r o p r i a t e  t o  use  f o r  t h a t  w r p o s e  t h e  w e l l  known, time-con- 

s t a n t  continuous s o l a r  emission i n  t h e  1700- 2000 wavelenpth ranpe. 

3. I n  order t o  i s o l a t e  t h e  inves t ipa t ed  erdssim l i n e  a p a i n s t  

t h e  background, t h e  spectrum scanning procedure may be  u t i l i z e d  over a 
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a small p o r t i o n  near  t h a t  l i n e .  

4. The i l l u m i n a t i o n  by s o l a r  emission of t h e  instrument 's  i n l e t  

s l i t  i s  achieved with t h e  a i d  of a t r ack ing  system. Because of t h e  r equ i -  

r ed  h igh  consumption of enerpy, it i s  deemed a p w o p r i a t e  t o  r e f r a i n  from 

brinping-on t h e  whole sqectrometer and t o  t r a c k  t h e  Sun by means of a 

fused-quartz-made l i g h t  mirror  covered with a t h i n  thorium dioxide f i l m .  

This  allows a r educ t ion  of t h e  necessary f eed ing  resoul. , b u t  r e s u l t s  

a t  t h e  same time i n  a c e r t a i n  ar2ditional l o s s  of l i g h t .  

5. The e l ec t ron - reF i s t e r ing  p a r t  of t h e  instrume-it must b e  oDera- 

t i ve  f o r  s t r o n g  as w e l l  as very weak luminous f l u x e s .  This reauirement 

stems from the folic-wing considerat ions : The i n t e n s i t i e s  of t h e  measured 

l i n e s  a r e  known only very approximately and t h e i r  

t e  w i th in  r a t h e r  broad l i m i t s .  Thus, f o r  i n s t ance ,  d a t a  from various 

authors  on t h e  l i n e  1 303.8 1 i n t e n s i t y  [l - 41 vary alrxost t e n f o l d ,  

while f o r  t h e  measurenent of i t s  mapnitude with a p r e c i s i o n  t o  10 percent ,  

t h e  system must be a b l e  t o  measure luminous f l u x e s  i n  a range of up t o  

t h r e e  o rde r s .  Bssides,  t h e  v a r i a t i o n  of the t r a c k i n p  m i r r o r ' s  r e f l e c t i o n  

f a c t o r  with t h a t  of t h e  t r a c k i n g  angle,  and t h e  r a t h e r  low p r e c i s i o n  i n  

t h e  determinat ion of t h e  e f f i c i e n c y  of  instrument 's  o p t i c a l  components i n  

t h e  i n v e s t i g a t e d  s p e c t r a l  region ma7r lead t o  a t e n f o l d  d i f f e r e n c e  between 

t h e  luminous f l u x  a c t u a l l y  reachinp t h e  photoreceiver and t h e  p reca lcu la -  

t e d  one. Nor excluded i s  t h e  p o s s i b i l i t y  of s e n s i t i v i t y  v a r i a t i o n s  of 

both, t h e  e l e c t r o n  c i r c u i t  an6 t h e  photoreceiver i t s e l f .  All t h i s  l e a d s  

t o  t h e  n e c e s s i t y  of c r e a t i n p  a r e g i s t e r i n p  c i r c u i t  capable of conducting 

mapnitudes mav o s c i l l a -  

measurements i n  range g r e a t e r  o r  equal t o  10Sfor a maximum value of 
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, , / /'/ ' ' '7/,,;7/;,/'/;, ,','////////,?7// ?/A,, +%'/ ' /,+>47/;,'// I ;z 
L14 

/ j; 

10 erg  crn-2-sec-1 f o r  

must bear  i n  mind t h e  necess i ty  of i n v e s t i p a t i n c  t h e  temporal varia- 

t h e  flux. of a l l  emission l i n e s .  F ina l ly ,  one 

, , / /'/ ' ' '7/,,;7/;,/'/;, ,','////////,?7// ?/A,, +%'/ ' /,+>47/;,'// I ;z 14 
/ j; 

t i o n  of t h e  m i s s i o n  t h a t  may lead,  f o r  example i n  case of s o l a r  fla- 
~ 

r e s ,  t o  flux' o s c i l l a t i o n s  of t h e  order  of 10 t o  100 times.  
~ 

SPECTROMETER 

The worked ou t  v a r i a n t  of t h e  instrument is  dpsigned f o r  mea- - -- 
surement of Sun's u l t r a v i o l e t  resonance l i n e  of ionized helium - 
HeII A 303.8. However, an i n s i p n i f i c a n t  modif icat ion of t h e  i n s t r u -  

merit's o p t i c a l  p a r t  may extend i t s  ap - l i ca t ion  t o  t h e  s t u d y  of emissions 
- 

I 

I of o t h e r  l i n e s ,  such as HeII X 584, L d f o r  example. As t o  t h e  electron-  

r eg i  st e r i  

A - 

B t I  ''I t 14 
// , //A////// ///, ,,.,( ,, .' 1, I, , , , , /. / iL'I--LA- / /  , i &%7/['Z/? //,. 

- 
s i p .  1.1 Rlock-diagram of  qpectrometer 's kinematic 

scheme. -- 
-I 

A - i n l e t  s l i t ;  6 - scanning s l i t ;  B - e x i t  d i a p h r a m ;  P - d i f f r a c t i o n  
p r a t i n g ;  K - can,; A - yoke;  f - f i n p e r ;  51 - t r a p  ; E - focus of 
t h e  zero-order spectrum; TI - quar t z  prism. 

The thus-planned and b u i l t  two-channel d i f f r a c t i o n  snectrometer 

a l lows t h e  r ecep t ion  a t  t h e  cathode of t he  photomult ipl ier  of emissions 
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from t h e  1700 - 2000 d region (spectrum of t h e  ze ro  order  used f o r  

c a l i b r a t i o n ) ,  and then  t o  e f f e c t  t h e  scanning near  t h e  l i n e  1 303.8 A 

of a c e r t a i n  p o r t i o n  of t h e  spectrum of t h e  second order .  
*... 

I 

The d i s p e r s i v e  element i s  a r e p l i c a  of t h e  concave d i f f r a c t i o n  

g ra t ing ,  having 1200 l i n e s  p e r  1 mm, a 500 mm cu rva tu re  r ad ius ,  and an 

800 

- 

opera t ing  ang le  of incidence.  The i n l e t  s l i t  has  0.2 by 7 mm2 

dimensions. The g r a t i n g ' s  r e v e r s e  l i n e a r  d i s p e r s i o n  i n  t h e  d i r e c t i o n  

perpendicular  t o  t h e  diaphragmed ray, c o n s t i t u t e s  16 mm-l. 

The r a d i a t i o n  r e c e i v e r  i s  a secondary-electron open-type VEU- 

m u l t i p l i e r  with a photocathode and diodes made of oxidized beryl l ium 

bronze 5, 6 . The u s e  of such mul t ip l i e r s ,  very l i t t l e  s e n s i t i v e  t o  

long wave r a d i a t i o n ,  permit ted t o  reduce s i g n i f i c a n t l y  t h e  e f f e c t  of 

s c a t t e r e d  l i g h t  i n  t h e  spectrometer on t h e  r e s u l t s  of measurements. 

The o p t i c a l  and kinematic c i r c u i t  i s  repr-sented i n  F i g . l .  

( s ee  a l s o  t h e  cap t ions ) .  Le t  us add t h a t  t h e  e x i t  diaphragm has 2 x 20 

mm. dimensions. On t h e  yoke A swinging around t h e  axis O1 t h e r e  is a t  

one end a qua r t z  pr ism 

t h e  scanning s l i t  6 of 0.1 by 0.15 mm. 

ciiqhrayT1 B 

I 

With a 30" r e f r a c t i o n  angle,  and a t  t h e  o ther -  

dimensions; behind t h e  e x i t  

tilere i s  loca ted  tne FEU- photocathode. Tne swinging of 

t h e  yoke i s  e f f ec t ed  by a n  impulse-cycle motor, r o t a t i n g  t h e  cam K 

w i th  a double ca rd io id  upon which r e s t s  t h e  yoke's f i n p e r .  A t  cam's 

r o t a t i o a  t k  yoke may occupy any p o s i t i o n  between t h e  two extremes - 
A and A' . I n  t h e  p o s i t i o n  P, t h e  quartz  prism r catches t h e  zero order  

rags and d i r e c t s  them (wi th  a sinal1 s p e c t r a l  decomposition) t o  t h e  

ex i t  diaphragm B, s o  t h a t  a p o i t i o n  of t h e  spectrum between 1700 and 
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8 
I 2000 A passes  throuph t h a t  diaphragm's c u t ,  and reaches t h e  V\T- pho- 

tocathode. I n  t h i s  way t h e  measurement of t h e  c a l i b r a t i o n  s i p n a l  i s  

assured. 

A t  cam's disr lacement  from t h e  extreme pos i t i on ,  t h e  f i n p e r  

comes ou t  of t h e  r e g i o n  of dua l  c a r d i o i d ' s  minimum and t h e  prism 17 

s h i f t s  i n  such a way t h a t  t h e  zero ord-:r rays can now f r e e l y  pas s  

i n t o  t h e  t r a p J .  A t  f u r t h e r  ca rd io id  r o t a t i n n  t h e  yoke pradual lg  

s h i f t s ,  reaching t h e  second borde r l ine  p o s i t i o n A ' .  A t  t h e  same time, 

t h e  scannine s l i t  6 p a s s e s  i n  f r o n t  of t h e  e x i t  diaphraem R, 

a p o r t i o n  of t h e  spectrum 30 wide near t h e  l i n e  303.8 A .  

scanning 

The p o s i t i o n  of t h e  l i n e  He11 1 303.8 r e l a t i v e  t o  t h e  diaphragm 

, 
I 

B was determined i n  advmce by photographing t h e  d i scha rge  t u b e  spec- 

I 

I 
trum with t h e  flowing helium. To t h a t  e f f e c t  t h e  whole instrument was 

placed i n  a vacuum chamber, and a chass i s  w i th  a f i l m , s e n s i t i z e d  by o i l ,  

was disposed behind t h e  diaphragm B. , 
I 

I n  t h e  extreme p o s i t i o n  4' t h e  yoke c loses  t h e  contact ,  while  

vol tage i s  switched dlCat t h e  same time i n  t h e  measurmmbregis te r ing  

c i r c u i t ,  and t h e  system emits t h e  con t ro l  ze ro  s i g n a l  ("zero b e a t i n p  o f f )  

A t  f u r t h e r  r o t a t i o n  of t h e  cam t h e  yoke l eaves  t h e  contact,  t h e  scan- 

ning s l i t  begins t o  scan t h e  spectrum i n  t h e  r e v e r s e  order.  F ina l ly ,  

t h e  pr ism 7I h i t s  t h e  ze ro  order  spectrum region,  t h e  r e g i s t r a t i o n  of 

t h e  c a l i b r a t i o n  s i p n a l  begins, and t h e  cyc le  begins  r epea t ing  i t s e l f .  

The t o t a l  du ra t ion  of  t h e  cycle i s  170 sec. About 7 t o  8 s e c  

correspond t o  zero o rde r  r e g i s t r a t i o n ,  and about 4 t o  5 - t o  t h e  con- 

t r o l  z e r o  s i g n a l  ("Zero beat ing o f f " ) .  The l a t t e r  i s  introduced i n t o  
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t h e  scheme merely as a c o n t r o l  of scanning i n s t a l l a t i o n  ope ra t ion  and 

f o r  s epa ra t ing  one cycle  from another. The scanning s l i t ' s  s h i f t i n g  

f o r  a second r e p r e s e n t s  0.05 mm. 

The spectrometer containing p a r t  of t h e  e l e c t r o n i c  c i r c u i t  i s  

assembled i n  a r ec t angu la r  duralumin box, whose contours are shown i n  

Fip.1. Four b o l t s  a re  used a t  t h e  f r o n t  w a l l  t o  r e i n f o r c e  t h e  t r ack ing  

system c77. To f a c i l i t a t e  

-_- - 

t h e  instrument 's  evacuation a t  en te r ine  t h e  

o r b i t  and during t h e  f l i g h t  over i t s  f i r s t  po r t ions ,  aper t 'uresof  about 

2 cm2, screened by l i g h t  l a b y r i n t h s ,  a r e  made i n  t h e  l a t e r a l  walls of 

t h e  box. Topmtect t n e  VEU from discharges between dinodes a t  poor 

vacuum, t h e  switching on of t h e  instruments 20 minutes a f t e r  enter ing 
I 

o r b i t  was foreseen.  
I 

The whole instrument c o n s i s t s  of f o u r  p a r t s :  1) t h e  spectrome- 

ter-proper  with a r e in fo rced  t r a c k i n g  system i n  i t ;  2 )  

system's e l e c t r i c  con t ro l  block (ECB) ; 

system's e l e c t r i c  block (ERB) j 4) 

m e n t s  ' b a t t e r y .  

t h e  t r ack ing  

3) t h e  measurement-registering 

t h e  feeding block - chemical e le-  

The spectrometer with t h e  t r a c k i n e  system i s  shown i n  Fig. 2. 

This p a r t  of t h e  instrument i s  ad jus t ed  on t h e  e x t e r i o r  s u r f a c e  of t h e  

s p a c e s h i p - s a t e l l i t e  by means of six b o l t s .  The rpmaining p a r t s  a r e  l o -  

cated i n s i d e  t h e  instrument container .  

Measur anent -2eaistering: I n s  t a l l a t i o n  

The block-dia,pam of such an i n s t a l l a t i o n  i s  shown i n  Fip.3, 

while  t h e  p r i n c i p l e  of t h e  c i r c u i t  i s  prese9ted i n  Fip.4. P a r t  of t h e  
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components of t h e  measurement-registering i n s t a l l a t i o n ,  and namely : 

block 16 - VEU; 17 - generator  feeding  VEU; 18 - voltage m u l t i p l i e r ,  

and 19 - t h e  prel iminary ampl i f ie r ,  a l l  a r e  i n s i d e  t h e  spec t rometer ' s  

frame. Blocks 1 through 1 2  a r e  i n  ERR. 

Fie.  2.- Ex te r io r  view of t h e  SDectrometer. 

The switching on of t h e  whole instrument i s  made by an i n s t a l -  

l a t i o n  inc luding  a r e l a y  ac t ing  on command a t  t h e  20th minute a f t e r  

en ter ing  o r b i t .  ' i f ter  t h a i m e  t racking  system (TS) and t h e  scanninp 

i n s t a l l a t i o n  13, cont ro l led  by t h e  impulse-cvcle generator  11. This 

generator  i s  assembled i n  a c i r c u i t  on t r i o d e s  IT48 and XI49 of a 

dissymmetric mul t iv ibra tor .  The p u l s e  durat ion was 0.2 t o  0.3 seconds. 

The pu l ses  were r e in fo rced  by t h e  I I S O  t r i o d e ,  and f ed  t o  t h e  spectro-  

meter, where they  s e t  i n  motion t h e  scanning device 13. For t h e  VEU 

hich-vol tage feeding  t h e r e  i s  a s p e c i a l  block loca ted  i n s i d e  t h e  spec t ro-  

meter ' s  box. It i s  a two-cycle penera tw assembled on t r i o d e s  I I S l  and 

II52, and a r e c t i f i e r  d i th  a sixteen-cascade vol tage  mul t ip l i ca t ion .  

s t a r t  

From VEU s i p n a l s  a r e  picked up i n  t h e  form of pulses  of cu r ren t ,  

whose frequency i s  propor t iona l  t o  Dhotocathode i l lumina t ion .  These 
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1 - a m p l i f i e r  ; 2 - t r i g r e r  compartment; 3 - a m p l i f i e r  with a n  
emit t ing r c n e a t e r ;  4 - counting r a t e  measuring dev ice  witha l o g a r i t h -  
mic s c a l e ;  5 - channel 's  key c i r c u i t  with f < 2.5 kc/s ;  6 - Analyzer's 
countinp r a t e  measurer; 7 - channel 's  key c i r c u i t  with f < 2 5  kc/s;  
8-  channe l ' s  counting r a t e  measuerr with 
with a cormand i n s t a l l a t i o n  ; 10 - Channel's countinp r a t e  measurer 
with f < 25 kc/c; 11 - cvcle-pulse gene ra to r ;  1 2  - a m p l i f i e r ;  
1 3  - scanning device;  
t r a c k i n g  head; 16  - V SU ; 1 7  - Generator ; 1 8  - voltage m u l t i p l i e r  ; 
19 - prel iminary ampl i f i e r .  

f < 2.5 kc/s ;  9 - analyzer  

14 - t r a c k i n g  system c o n t r o l  block;  15 - 

These s i g n a l s  a r e  f e d  t o  t h e  prel iminary a m p l i f i e r  19, c o n s i s t i n g  of 

semiconductor t r i o d e s  1I69 - I I73 and loca ted  i n  t h e  spectrometer 's  

box. From i t s  output  pu l se s  a r e  f e d  t o  t h e  ERB block along a c o a x i a l  

cable.  There they  e n t e r  t h e  i n p u t  of t h e  b a s i c  a m p l i f i e r  1, asserlbled 

on t r a n s i s t o r s  II1- I I 8 .  A t  i t s  output pu l se s  s e t  on t h e  t r i g p e r  

compartment 2, transforming them i n t o  rectangular  and lowering twice 

t h e i r  frequency. The r ec t angu la r  pu l se s  are amplif ied by t h e  a - q d i f i e r  3. 

The t r i g z e r  compartment 2 i s  assembled on t r i o d e s  II 11 and Il 1 2 ;  

t h e  r e c t a n g u l a r  p u l s e  a m p l i f i e r  i s  assembled on t r a n s i s t o r s  E13 and 

E 1 4 .  From a m p l i f i e r ' s  3 ou tpu t  rectangular  pu l se s  e n t e r  t h e  i n p u t  of 

nodes 4, 5,  6 and 7 a t  once, t h e s e  being assembled on t r i o d e s  II25, 

n43,  I I 2 3  and IIhS.  I n  t h e  node 4, a transformation t a k e s  p l a c e  of 

r e c t a n g u l a r  pu l se s  i n t o  a d i r ec t - cu r ren t  vol tage p ropor t iona l  t o  t h e  
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t o  t h e  logar i thm of t h e i r  mean t r ack ing  frequency. The t ime cons t an t  

of t h a t  s c a l e ' s  output i s  about equal t o  1 second. 

The nodes 5 and 7 c o n s t i t u t e  key c i r c u i t s  which a r e  con t ro l l ed  

by t h e  cofsnand i n s t a l l a t i o n  9. A t  low pulse  t r ack ing  freauency, key 5 

i s  open, which l e t s  t h e  s i g n a l  pass t o  counting r a t e  measurer (Ma) 8-one- 

r a t i n g  wi th in  t h e  f i r s t  measurement limit A s  t h e  pu l se  frequency inc rea -  

ses ,  open i s  key 5, which l e t s  t h e  s igna l  through t o  t h e  counting r a t e  

mesurer 

quency increase ,  t h e  outpu vol tage a l s o  increases  i n  frequency c l o s e  t o  

t o  2.5 kc/s , and reaches 6 v o l t .  

( V C C )  8, operat ing i n  t h e  f i r s t  measurement range. A t  pu l se  f r e -  

A t  f u r t h e r  freauency increase ,  a c i r c u i t  change-over t o  another 

measurement range takes  place,  the  command (con t ro l )  i n s t a l l a t i o n  9 

l o c k s  t h e  key 5 and opens t h e  key 7, which l e t s  t h e  s i g n a l  through t o  

t h e  counting r a t e  measurer 10, operating i n  the  2.5 - 25 kc/s range. 

The output vo l t age  drops then  tenfo ld  i n  a ,jump-like fashion,  and then 

i n c r e a s e s  l i n e r a l y  a t  frequency increase of input  pu lses ,  s o  as t o  reach 

6 v o l t s  a t  25 kc / s  frequency. 

A t  smooth pulse  frequency decrease from 25 kc/s t he  whole process 

t a k e s  p l ace  i n  t h e  reverse  o r d e r :  as  t he  frzouency decreases from 25 t o  

2.5 kc/s,  t h e  output vol tage decreases. I n  the  2.5 kc.s freauency region 

a change-over t a k e s  place toward the  f i r s t  measurement range, the  vol tage 

i n c r e a s e s  t o  6 v . ,  and then, a t  f u r t h e r  frequency decrease it drops pro- 

p o r t i o n a l l y  t o  the  freauency. Element 9 i s  assembled on t r i o d e s  716, 

n17 and 119; elements 8 - 10 -- on t r i o d e s  n41 and T 4 2  r e s p e c t i v e l y .  



11. 

I To p r o t e c t  t he  te lemetry from random overvoltages i n  output,  bounded 

s t a b i l i t r o n s  r35  and ‘Tl36 stand in the  output  c i r c u i t s .  

I 

The e l e c t r o n - r e g i s t r i n g  c i r c u i t  opera tes  i n  such a fashion 
I 
I t h a t  it simultaneously d e l i v e r s  measurements i n  two forms: f i r s t  - 
I 
I from the block 4 i n  t h e  whole pulse t racking  frequency v a r i a t i o n  range, 

from 1 t o  10 c / s  i n  the  logari thmic s c a l e ;  t h e  second - from blocks 

8 o r  10 i n  l i n e a r  sca le .  

I 

I 
With view of checking the  operat ion of t h e  measurement-registe- 

I r i n g  apparatus,  a s i g n a l  was fed  t o  telemetry,  determining t h e  ampli- 

f i e r ’ s  f eed  vol tage.  . -. I 
/ i The above-described instrument was i n s t a l l e d  i n  t h e  t h i r d  ~/’ 

I spacesh ip - sa t e l l i t e ;  The r e s u l t s  obtained i n  the  course of t h i s  expe- 

riment are descr ibed i n  683 (NASA TT F-8232). 
l 

, 

Entered on June 10, 1961. 

Translated by ANDRE L. BRICHANT 

f o r  t h e  

NP-TIONAL AERONAUTICS AND SPACE ADMINISTRATION 

June F i r s t ,  1962. 
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